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TRANSONIC BUFFETING OF THE
CENTAUR INTERSTAGE ADAPTER

Foreword

This report contains an analytic solution to the transonic buffeting

of a simply supported cylindrical shell. Data from the free vibration tests
of the Centaur Interstage Adapter and the results of this analysis are used
to determine the adapter's buffet characteristics.

Introduction

This study was initiated to determine the ability of the Centaur Inter-
stage Adapter to withstand transonic buffeting loads. A previous '"one
mode'" analysis of this problem was suspected of being unrealistic and
possibly nonconservative based on new fluctuating pressure power spectral
densities and past experience with shell-like structures.

The solution to a buffeting problem contains the random vibration analysis
of the structure involved and a thorough knowledge of the input pressure
power spectral density or correlation function. This problem is further
complicated because while the pressure field varies from point to point

at any instant, its variation at any given point fluctuates irregularly
with time and the wide frequency spectrum results in many shell modes of
vibratien being excited.

-1-
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The results of this analysis incliude the RMS deflections, bending momente,
and shear forces in the rings «nd :tringers of the adapter. The sclutiocn
for these quantities 1is in =eries forz: and due to the relatively slow con-
ver_ence o the series o digital computer sciution was deened mandatory.

The equations of motion of a c¢ylindrical thell, incorporating the average
inertia and stiffness rroperties of the adapter, are used as a model and
the method of normal modes is employed.

Based on experiucentsl frequencies, damping values, and extrapolated in;ut
power spectral dsnsity data, the RKS values above were computed by haend
for the original adapter design and for the adapter with additional and
stiffened rings.

Pandom Vibration Theory

Consider zs the bosic rodel a wu_tidegree of freedom system suvjected to
a one di:iensional disturbance. The response of =uch a system can be repre-
sented by

5 (X; ‘t;z’t> = Z(ZJ.ZO("J(X; Ef;Z) ‘?’»LJ(t) (1.1

where < {x, ¥, 2z, t) are guantities that represent any purticular item
of interest such as strecs, deflection, bending mowent etc., at & point
(x, y, z) in the structure: Cng (x, y, z) are quantities that represent
any particular item of interest” at a point (x, y, 2) in the structure due
to a :nit displacement in the 130 normal mode; qii{t) are the generalized
coordinates associated wilh the norual modes i3 (x, ¥y, 2).

The generalized ccordinates can e ap;roximated by repeated sclutione of

Gy 5+ gy - 9 (6)/m,

T i

where Q14(t; is tiie generulized force, ¥ij the ,meralized mass,CL)ij the 1=

principal frequeney, and _f ij the modal damping. Specifienlly,

J

J

th

(1.3,
sz(t) =fv F(x,ut,z,,t) d)éd‘(XJ“&» z}dv
- 2 d
MLJ = /O<X,Ld-;2 )¢(_’J‘<X)%)Z) v
v
ARzi.e thci the Torcing funebion s reporible with reespecl Lo since and
Likig, L.Ue,
Flayyszyt = PRy .25 £(4) (L.4)
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Suoeiituting bqustion (1,4 into (1.3)

Q;(t) =F () Pt 4,2 ¢, 2) (1.s)
- = £(t) P,

The solution of Ecuation (1.2) is

g () ":fh‘j“\)‘r(f—'\')d? (L
' =2’7Tf H(~J-(é w)f(w)e[wtclw
.ere
P -W; 5T
' h‘J(zh) = M‘,_ w‘J l_/- 5 e ty 2y S/M,//_S:‘J.L wLJ T (1.7
J ‘ ey
and H;((w) =f h;J-('c‘)e”wtd’c“

=_P4;. / (z.2)

Henece ihe resporse «f the syite. is chorzelerized eitior Dy Lt conclex
froouency vesnonse or ite unit iipulse res.onze, | .ustion (1.7, ecorvs

X (x,4,2,t) =) ) oi(x, L&,Z)jhg(?)f(t—f)dz' (35)
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or alternatively

q (x, 42, t) =ZZO<('J(X, %, Z) 2—/7-—',[ Hl.J(é W) L(@)eé“’tc{w (1.1C)
¢ o0

Now consider f(t) to be a sampled function from a st:tionary random process,
i.e., a randem rrocess for which the enseuble avera es over all jossible
rccords of the process are independent of the time at which Lhese averages
are taken for each record. Importunt statlistical properties of the
excitation random rrocess are the umean

¢ EM 2'—TL f(t)dt 5<{¥(t)l >, (1.11)
the mean square or averaige power
v f o= <§£L<t)}>p«v (1.12)

the autocorrelation function

Re(T)e< F ()£ (2 + z)} > (1.13)

and the power spectral density.
- L wt

w .
b (w) =2f R(z)e t“dT (1.14)

Conversely, the Fourier transfor: cf Loustion (1.14) is

o0 ]

- ' Lwt . ‘;
Re(T) = ﬁ[w@*‘(w)e dw (1.15;

Wote that the wean squure ¢f the input random function is given by

—_— —_—2 o0
R{(O) = .fz'i' 'r =4—I;7-T _wér(o_)) da) (lL.16;
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The properties of the res;onse o (x,y,:,t) cin now be “etermired. The
assuuption i usde for this enalysis that Lhs sean of “he sxeitotion, 1,
i1 zero which ifaplies 1ha' the mean of Lhe segonse, o , iz also zero.

The azutccorrelstion function of the response, Eo( (T)) is by derinition

.
LM

R"‘(T)=T->QOF O((X,%>Z,t)o((x,c.t,z)£+’t)dt =

-T (1.1’,",

§<{d(x,‘d¢,z,t)o((x)«t,z,t+z-)}>w
Cubstituting iguation (1.9 twice in zeuation (1.17; are interch .nging

the order of integraticn

(la1zy

Ra((T) =ZZZZ O(zj(xi L&’Z>o(m % %,z)[ L'xz (%) d [
N AP 4 ©

o fhlj(rz)ﬁﬁ(?a»”f,_—'z;)d?z

whlch represents « louvle convelution of the cxeit.tion witocorrelation

function.
Theé [ oner spectral censity of ‘he resLonce @ w ig by deflinition
o 3 bl

o0

d, (w) = ZLE,((?)e“‘wtd?

-

stileh eventnolly yields, oiter substitntio of soustion {(1.1u;,

i1.19,

bo(w)= Z ZZ—‘;%‘J(XJ $2) A (%, 4, ) Hij(iw) Hm*(’: @) (w)

1
e
i
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1y

%
since QQ(hQ wuet be a real cuantaty, ihe roal jart of “ij Hiki is taken
end Cousvlon {1.19; pecowes

by (@) =ZZZ Z:‘O(‘;" (4 2) A (X, 2) /{LJ“(QJ)CI{( (W) (1.20,

where

| (W) —-l—-e' i(a)‘.‘" ")(cu“_ ’j+(25"“a)a)t D(Ree We ) (1.21]
LJA’I M My [(a) w ) 2;" J)z] (W -a)z) +(2fm.‘d‘4)u3]

The wewn sguare of the p sronse ls the rero tine zntocorreistion of the
res;onge Wiich ¢.on de evoiulted Irom rouation {1.20) -nd the lonrier
tr nsform in seuation (1.15;.

° A*=Ry(0) =4'7ZZZK};°‘:; (% $:2) A0 9,2) | Ko@) G (@) de - (e22)
C J e

if _the ingut power spectral dengily is mevuaed to te white nolse, l.e.,

- it Lew Lty : . '.‘17‘ -
' 4;610 = ¢, then a contour integreliun of }tjkl (a%) roeguilc
iz ..\,.Ac.\.tl»r \.L. _)/o

&— _‘Ir—r‘ TZZO( 0048) o, (%, +2)®, D

4 e
(-’-*2."1

h:re
27 2. F, e
DLJA"Q = 3 G Ke ’\1..?1“,
w; M My,
¢

(4),{ £

ZDE)K;4+'ﬁj

4 3 , 2
w Wre \ £ om )
_u.)_k_.l;>+4- ﬁ) §415f1+2\5‘7> <Z'§(f+2'§/(1—>+4'( /(1> )xg"”
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[ LR}
i

Assuming equal damping, ;r

, for all wndes reduces Scuntion (1.2L4)
to
W) o
D: sy = 27 P P [ wﬂ 1S (1.25)
g - ~ F2)
) Q)LJ MLJ MK.Q [(Z))A’L) ] + 4.!:2’.
[4

)[ )+ ]

cuastion (1.23; can be writien conveniently

q)ZZO‘ :.(7(‘% z) M i} o.) . 8} (1.20;

1 D PRLHCHOENCHOEE

(X
‘ J ¥4
The first term of lquatiorn (1.26; is assumed to be the mzjor contrivutor

r
te the mean square of X (x,y,z,t) and the effect of the sccond tern,
tiich is neglected in the nand caleulaticns, le investi;iated in the digital
LTON,

Juter solution,
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Free and Forced Vibrations of the Cylindrical Shell Model

For the purpose of the computer analysis the adapter will be repre-
sented as a cylindrical shell with inertial properties that match
those of the adapter and with stiffoess properities that results

in an experimentally determined 50 cps loweast natural frequency.

The eq&ationn of motion of a cireular cylindrical shell are

su® /=¥ au* . /+V 3%
g g g ()

ofu _
3 x* 2 3s°¢ 2 oX95s a 39X 3t* o

1+ %, =Y, 2% o*v |/ dur ®
+ - ey
Z axes Tz (4N ST 5T — av(2 Vixbs (2.1)

D du EN X lov | 2,4 Lw. [P\
o R P ST+ davv g (L) 3

The solutions for the three displacements (u, v, w) in Equation (2.1)
can be expanded in terms of normal modes.

w o= ) e(x,s) G ;(t)
(2.2)

V0249 9 ()

w =y Z 5 (%) g (t)

L

-8 -
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where for -i.p;ly cupported boundary conditions i norial cofes
expreased as

o ,
ety (%) =Aj cos £ x cos 45 (2.3

: =B- LT ]
BLJ(X)S> = B(J SIN -% X SIN %.. S

5;'J<X, S) = CL’J- SIN l—L-:l X cos ?)T S

N 4 7o~ . r -t ‘ -~
s =g (€43) into (2.1, resulte Lo freguency

Substitution of —cuntione (7.2
~cuation (sce lelirence 2 ror cetsils).

I

@, ~-a* a'.lg Q,3
(2.1)

,, azz'/CL Q23 = QO

2

The wipaitude ratice ————&l— end — are obtaolaed
Cy

. : otelesc Frow ousilons (J,0;.
<

(@, ~AZ)a; + QB + a5 Cy =0

(m.j,
Xy A + (A= *)Bi+ @, C =0
217 22 Ly ¢4 23 ~¢ T
Qg A+ Wy, B+ (Qyy=n,2) C =0
317 32 My 33 g T
N TSN L NS SO NP S A S R £ 00 T S VIR I S G LR s i
Jias SR Y oY vl L B S S A S ST RIS s 5
P R N R RS A SN
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ff [<><L'J-”+/a‘gf+ 67,-"] dsdx = T2 (2.6)

Substituting zquation (2.3 inte (2.6) the normalizing condition becomes:
. 2 .2 Lz
ALj + BLJ + CLJ hand 1 (2'7)

The peuneralized mass i1z written o8
L 2nMa
A .2 .z . & \
M, -m[ f b =+ o=+ 5,*] ds dx (2.8)
(o] o

Substituting Fouation (:.2) inte (2.8) the generallized maes becomes:

My = 24 TEE (2.9)

The calcuistion of the generzlized force reguires s knowledge of the

s;atial force distribution, P(x,s), in Equation (l.4). Two different
spatial force distributions are esployed nere. The first force diztribution
ratches the node; i.e, the {orce ie ;roportional to e¢nd in the opposite
airection of the displacament.

—
\®]
~

P(x5) = J/N%_z X cos 2—s
From Equation (1.5, the generall:ied force is written as
L 27ra
& = F(t)f f P(x,9 8;(%9) ds dx (2.11)
(=4 o

which becumes sfter substitution of icuations (©.1C) and (2.3

Q@ = f @) 7”3'— C (2.12)

The other force vistribution is used in the hand conput:iions nd nore
sxnetly reilects the oifects o {he rycrogen boost puny foiring, insul=tion
Lsnele, retrorocket lairings, and the deslruct pacise. {(Gee riourcs IX

snet 1115,

Ps) = R(%39) + R (X9) (2,13)
- 10 -
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The force distribution Pl\x s) represents the effects of the insulation
ﬁana;a and the hydrogen boost pump fairing aznd Py(x,s) takes into account
thie five retrorocket fairings znd the destruct packzge. The two force
distributions coverlap souwewhat but this adds a bit «f conservatism and
sreatly eimplifies the analysis,

-
Asin £ X cos 4 s jOSXde,—AS£$$AS(2'M)
i.7T J + {.‘d i dL X <L -AS<SK

Asin = Xcos= S |/ +esin 3z <X =L, -As<s5€As

5/~~Ll><co —J—S I+ CsIN——X|:0&£X<bl, AS<S<zmTa-AS
L S & bL ) - - J

sw%_z XCOS-Z’?S ;bL<XfL)A5<5<277a.—A5

\

P.(x,8) is reprecented graphically in Figure III. Tre circurferential
force distrivution is uniform over both the insulation panels and the
hydrogen boost pucp fairing but of magnitude A im the region of the
uydrogen boost pucp fairing., For clarity the sinusoid:l terms resulting
from the mode shape which are included in sguution (2.14) are not shown
in Fi ure III. The adal force distributions, which azre derived from
Fi,mre II, and theis approximaticns (Zquation 2,14) are plotted as a
function of the adapter length.

R(xs) yo simtT X cos & S; 08 X EL, 5, £555,+AS, (2.15)

Substitution of Lquations (Z.13) ant (2.3) into (2.11) yields the generalized
force

2J .
-  Tat AS SN as ze(/-—d){ _cosz2imd
fO¢ [m+ S J[H- ey -

+[ _Aas 5/;\1.2_5_45J[I+2cb{/_(/+coszé7rb)]:l

ma T T2m; U 2(-4i*b2) |

6 . .
ASK CoSs % SA’ S/N% ASA/
+) D« +
Tra ZJTJ

-1 -
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Sasic Assumptions & Data

A sumnary of the sssuwptions sace phus Jar and necersary additional
ones are listed below., The basic data for the c¢ilferent interstoge
adapter confl urations is _ivea in Table 1.

1, The .as: ol the =zda;ter is uniiurmly cdsirisuten,
2} “he spaitisl Joree disoricatien for Lhe ol ilel cunputer

pro rze .2 assuned to sateh the mode,
3, tue in-nt Liuctu.ting presture [ ouer spectral densilty
disiricutions sve '“hlte polea® fracusncy distrsibuiion
ang sraevial Jistreibubions shown 1o Figure 3.
Acpiitude ratise to ze uged in w1l e uctions are ‘etormined
b, thsw ey Lindrical shell projram.
AL results wre ontuined (L the

r~
-

5, antinedes for the cxperisental
duta ueing ihe igdes = 1l, n =27, ndun=3,n=2 =90

N « B , . - ; B -~

&) The Lydrozen boost pawm,. fairing is cesuced to be [Jour feet
wiie wnd of rectangul.r croers section.

s

The results of thie study consists c¢f two parts. The first purt is
a hand calculation of various 3MS values oaaed upon experinental
vibration characteristics (590 1lb. aunpner;, calculated fluratlon date

(1539 1b. sdajier, of . eference 5, extrapolated wind tuonel data (€f.

Geference L, cod other vicrstion conslants delerwined Ly ¢1v;ta;
computetion. As is irdicated, .wo difrerent adcpter confijurstions are

sett, The 59U .b. conii,ur-ticn consists of the ring - stringer - skin
structure onily, wherea:s tre 1539 1b, "beefed-up" coniizuration includes
approximately 422 1b. of non-structural welght. The nffocts of licliuiing
aon~-structural wel ht to the 540 lo. 2 apter iz cdiscuszed. The second

part of the stugy, uses = ¢ lindrical sheir structural cosel, woose stiffness
@i inertinl properticve ure wquivelent Lo the wver ce iropertics of the
adapter, to compute nutural fregquencies and amplitude r tlos. A “igilal
cowputer proc.rom then evaluutes Louation 1.<o (the cross terns in the

cual ruile sz etien were ;*¥v1oayig ,arlected, for the tested statletical
cuaniitics, For part two, the insulation jansl ste) is the wuniy protubdersnce
ceonsidered,

The statistical cuantities evalusted zre the RES values of ihe raiial
deilection at Lue anbinodes, the vending mument 1n the »in 8 «nd stringere,
uhih Lhe sheer lorce in Lne ran.s.

At

P

ke worn square radiel dellection, w? , is obtzined ‘rom iguation 1.2¢
by sutztiiutin, the rodaal noernal woce shape 5:j for CXLJ(X S)

- 17 -
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<§j% 1) (3.1)
B R [E7 e

where
- .
§; = Cij sint—Xcos =S

The rings and strirgeres sce treated as beans and lne corresponding
vex: wguatloene for nending moments :ad shezr are ap.lied,

2w
(3.2
® My = —El, 22

Qs = -EL ¥Y

Cince these cuantilies are linear Tunclions ol
weun cquare values can te evaluated direcily.

F/]—_i = .—Q—\’(EIX)ZZZZZCLJ CX[ <K77'>{ 6;{1. “))433 (i' same  as 53‘(3.4)3

J

- ;l? =(Péﬁ)'(EIs)LZZ§;ZI &F sz(%'f(é);&j Oe &in same as 57.(3.0) 3.2}

" the deilsction, the

g / \
ZS:JJ; -(1/—‘5 Seme as 57. (3.1)

4

RN GRDRWIIHIMENIEY

For the hend cazlculations the cross terws in bHgquations (3.1, and (3.2

are neglected; 1.¢, those terns Jor which 1 =k »nd J = 1. This resunlts
‘ in (ef. iIcuation 1.26)

fud
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(3.4)
—z @ 2 90 oo P,,’* A 2 / /
M 2_7(’51) S J_)(j“ o
S $ 2 t 3
(/Oh (=1 =0 MLJ * ! w‘J 8;
20 22 = 6 2
oF —<—z}h)z(ms) ») —Le.p(%) 5 T B
=l g=o M"J (] 8
The results of the hand calculations are given in Table III, The
uniform addition of nonstructural weight reduces all RMS values (cf
2nd and 5th columns of Table IIl) by a factor of [Wc / W[] %
where in this case W, = 590 1b, and W = 590 + 422 = 1012 1b.
A sample calculation of one of the cuantities sbove is of interest io
illustrate the convergence characteristics of the double series and to
indicate the relative magnitudes of the contribution of the individual
aodes to the Lotal mean square.
Denoting the term under the iouble summaticn sign of P4§ Y ] F%GJi.c
2 . ¢ (3.5)
H; = B (_J_) £ro
.2 a .3 S
MLJ J w‘J ef

the modal wvaiues of HijJ are evalusted and iisted in Tuble IV for voth
adapter confi,ur:tions, It is evident ihat no single mole coipletely
dorinates Lhe contrioution to the mean square bending moment and that

Lthe mocde of lowest natural frejuency (m = 1, n = 3, is not the naxiuum
contributor. Therefore, an approximate method based on a one mode analysis
ic somewhat difficult since it i1¢ .ot immediately clear what mode Lo use.®

-1 -
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numbers (n = 2 ~ 7) but do not conver:e for m = 3 and increasing cir-
cuwnferential mode numbers. Any nonconservatisz introduced by neglecting
the contrivution from them =3, n= 7, 8, 9 - - ~ modes, data for which
is unavailable, is compensated for by the conserv.tive assuuption of a
four foot wide rectan,ular croes eection hydrogen hoost pump falring.

\ The HiJ vslues converge for m = 1 znd increasing circumlerential xole
|
\

%

An approximation of this type to determine ring bending moments has been
sygzested., The procedure cullined above for com uling the lilj's can be
uzed to det rmine the maxiuum contribuiing sode, ixpericnce with the
Centaur .iapter has chown that this mode centributes ayproximately 50%
‘ to 55 % of the RES riny bending .oment and since the input power spectral
! density data is not wcll known, @ more conservutive spatial force dis-
tribution can uv used to compensate for the reglected contribution from
the reraining modes. A "unity correlation”" force <istribution, i.e.,
a constant force amplituie oppozed to the deflection, results in an
increase in EMS values by a factor of (4/7r)% = 1.62. Combining the
conservative force distrihbution with the bending roment of the mexinum
contrivuting mode ylelds & result 8CEL to 904 of the RES ring bending

. moment..

- 15 -
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The results of the dizital computer portion of the solution are dependant
vpon the naturel freouency distribution of the cylindric:.l rhell wodel,
Teble II lists the natural frecuency distribution and severzl interesting
characteristics are¢ apparent. The frecuencies alwaye increzce with
increasing axiali wode number bul decrease, resch a minimum, and increase
with increasing clrcumflerential mode nuaber., This is the major reason
for the slow convergence of the seriss solution. Also this efliect resulte
1 onany noues of nearly equal frocuency which ¢ n cuuse a type of
fresonance”. A came in roint:t the natural frecuencies of the = 7,
n="7and =9, n=10 moies differ by only C,2% andi thece are the
wotal cowmbinctione which cause the negative 1% contribution {(ef. Table III)
to the xzean gguare bendiny uoment, in the ringe. A sixdlar result occurs
for ibe 1539 ib. uidapter.

Table III showe the results of the i ital cowputation and the 3ME bending
uonents are consideralbly lar,er than vhe hund calc:lated results. The
reason for this it twofold: fir.t the natural frequency disiribution
of' the cyiindrical :hell model i & pour approzimation to that of ihe
Cent..ur Adapter, i.e., in generol the fre.vencies are much hiher (the
lowest intursl rrequencies sre the ssme) and second «1l combinuticns of
LCO modes or 160,000 terms were used in the di  ital cemputution whoreas
only 10U terms were useu in tie hand calculeticne. The jercentz, e vilues
siiown in Teble IiI represent the centrivution of ithx second term in
Bguation 1.26 to ithe total mesn square. These crozs terms are cbvicusly
ot =mall {or the bending woment in *the strin. ers out could be neglected
in the olher casea, Historically the cross terms have always been =mall
and thie reason for this unusual result i: not immedistely ocbvious,

4 convenient paramet-r to use for conver ence anwzlyses is the space
averuge of ithe ween sguare response or Lhe rvera e rmean aguare resgonue,
This is obtained by inte ratin, the response function over the total

area of the structure and in doin: so wecondn; indenencent of any spatial
coorainates, This ficilitates the conver;ence analysis but restricts the
¢co, e of the results cince no precise infornztion can be obtain+d about
the conver,ence of the rcsponie at & point, It is interesting to note

at tids roint that if boustion 1.726 is integrated over the ares of the
eylinder, the secon: term iz zero because of the ortic.;onality condition.
This seans that ine veorage ..esn scuare responce ls independent of the
cross terws although ihe response at a point ie not. Al responces com-
ruted converged with resject to both axial and circucferential pode nuwber
except the stringoer bonding zoment responss, Thie responzc, Kx* , con-
verged with respect to the circurferentisl pode number tut after twenty
wiial ucdee no definite indicition of cenver;ence occurred. The corres-
renaing coluter results in Tuble 111 should be read with this in nind.

- 16 -
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Conclusione

The iKS and 3 ¢ transonic buffeting characteristics of the
redesijned Centaur Interstage LAdapter are

RHS 3¢
w {in.;{ 6.1065 [ 0.315
My (in. Ibj| 46,4 | 121,2
Mg (in, 1n, ] 262C.0] 78.0,0
Qs  (1b.; | 265.0 | 609.C

The c¢ylindrical shell approxiuation to the Cent‘aur Interstage adapter is

not satiefactory since the frequency disiributions <iffer to widely and

it is suggested Jor future investijations that an orthotropie shell approach
be Laken to Letter approxinate ring-stringer-serxin structures,

Clher suggested investijations include a wethod of improving the con-
vergence of the response, determining what conditions result in nan-
neplizible cross turme in Bquation 1.26, =nd centinued experimental otudy
of iductualing preszure power speclral ensity characieristice, It is
rossible thal Lhe cross power speciral iensity ch.oracteristics are not
negligible and should Le included in & refined analysis. Also, if bund
livdted white noise satisfactorily approximates the actusl input power
spectral density, the convergence of the response can be radically improved,

'c_u
discussion, ‘can be used for pre-design studies of interstsge adapters
of the Centaur type but due cuution should be employed in any general

The apgroximite analysis, described in ihs fuotnoie on page 15 of the

aprlication.
Prepared by, JR R WLMI
R. . ¥itchell (x2183)
cc: A. leondis ; S
J. Martin Checked by : »
E. Noble %o Schuett (x467h;
J. Stiler Design Speciaidst
¥, wohltmann Cj;;f’g;;i:;:z;*t‘;7f’
Z. bnzmann Approved by . ¢
J. Kittle L. L. Fontenot  (x3295)
A, Zoldos Jesign Specidist
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1T

590 1B. AND 1539 LB. ADAPTER CONFIGURATIONS

The skin of both adapters is C.032 2024TL aluminum,

There are L5 stringers spaced approximately 8 - % inches
on center around the circumference.

The 5950 1b configuration has 11 Z Frames spaced approx-
imately 14.6 inches on center longitudinally.

The 1539 1b. configuration has 21 H Frames spaced approx-
imately 7.3 inches on center longitudinally and 422 1b.
of non structural weigzht,

Stringer Detail

}
P

|
% U
l».?f«‘r. 80* ?5-‘ s

Material:s ©.G50 707576 aluminum
Area moment of inertia = .,0278 in’

N.A

. Z-Frame Detail

N\ b . 38
N e NA, "

]
=~ -7 1 n .70
! . 2

X r—

Y/

» L L
/254

1$7.28 i > < ‘

Material: 0,040 7075T6 Aluninum
Area moment of inertia =1.,5) in%

‘ H Frame Detail

rLoo

-~—-.,_\\\\\\\ ;I;_. 09 ! __f_
, ‘ ! EE ' l 162
‘ |

8

Material: C.C4LO 7075T6{unless
otherwise srecified; ,
Area monent of inertis = 0,857 in™
120,83 ——————1 Other dimensicns ire the sius

4 Z-'rame above,

T
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FIGURE II
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FIGURE III
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TABLE I

Centaur Interstage Adapter Data

590 1b, adapter 1539 1b. adapter

Ph = L6 x 1072 slugs/rt2 P h =116 x 100 slugs/rt?
$, =0.302 (1b/rt2)2 /cps 3, = 0.362 (1b/£t%)2 /cpe

EI, = 1.0l x 1% 1b £t? EIg=4.55 x 10 1b rt?

El,=1.93 x 10° 1b 1t? EL,=1.93 x 10° 1b f£t?

NATURAL FiEQUENCIES AND DAMPING RaTIOS

3 3
Wi, =423 E:.%W F1p =or T w 12 = 366 e SG. are
the same
W 3 =314 L, £ 13 =0.07 Wiy =334
Wy, =368 £, =0.012 Wy, = 485
Wis =411 $ 15 =0.0035 W15 =755
W16 =553 R f 16 = 0,01 ) W 15 = 1080
Wy =766 $ 17 = C.01 (*)17 = 1480
W33 = ggo >m $ 33 =o0.00 $$ W33 =69
Wy, = 75 $ 3, =0.01 W3, =755
W 45 =628 § 35 =001 W3s = 866
Wy =680 § 36 =o0.01 W4 = 1136
<

Fort worth Vibration Test

g
Computed Values {rom Relrrence 5.
3=
&

Fort orth DAFAC Anal; sis

nevinatod Dawplng - Zd -
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TABLE I (Continued)

AMPLITUDE COEFFICI:ZNTS

Ciz =0.891 Ca3 =0.9%
Ci3 = 0.943 Cy, =0.976
Cy, =0.967 Cy5 =0.981
Cyi5 =0.979 Cqg = 0.985
Cig =0.985
Cpy =0.989

FORCE DISTRIBUTION CONSTANTS (cf. EQUATION 2.16 AND FIGURE 111)

INSULATION PANEL AND H, BOOST FUMF FAIRINGS 6 OTHzR FAIRINGS
A=2,76 D=2.7
b= 0.3 AS = 0,5 ft
c = 1,51 S, =19.8 1t
d = 0.355 S, = 23.6 ft
e = 1.38 §q = 27.7 £t
AS = 2,0 1t Sy =41 ft
kS‘5 = 7.7 ft
S o= 12,0 ft

- 22 -
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Frequencies are given in Lad |

sec

19 Nov. 1Y63
TABLE II
Cylindrical Shell Natural Freguencies for the 530 1b Adapter
N o / 2 | 3| 4| s| e 7| 8| 9| /0
1 | 3892 2403 | 1235 687 L34 329 318 368 455 565 693
2 | 5216 | 4225 | 2902 | 1957 | 1355 | 984 | 766 | 658 | 637 | 682 | 772
3 | 5248 | 4813 | 3909 | 3017 | 2304 | 1779 1 1410 | 1164 | 1019 960 973
L | 5259 | 5020 | L433 | 3728 | 3065 | 2506 | 2065 | 1734 | 1500 | 1354 | 1287
5 | 5267 | 5116 | L717 | 4183 | 3622 | 310G | 2650 | 2282 | 1997 | 1793 | 1665
6 | 5275 | 5172 | 4887 | LL8L | 4021 | 3563 | 3139 | 2772 | 2468 | 2232 | 2064
7 ] 5287 | 5212 | 5000 | 4686 | 4313 | 3921 | 3541 | 3194 | 2893 | 26L7 | 2459
8 | 5304 | 5247 | 5085 | LB37 | L534 | 4203 | 3870 | 3554 | 3271 | 3029 | 2835
9 | 5327 | 5283 | 5155 | L958 | 4710 | 4432 | L1h4 | 3864 | 36CL | 3377 | 3188
10 | 5359 | 5324 | 5222 | 5062 | 4858 | 4626 | 4380 | 4135 | 3903 | 3695 | 3518
a=5,0 £+, m = axial mode number
L= 13,106 ft, = circuwnferential mode number
h=2.15 x 1677 ft.
= 2,075 slugs/ft>
N = 0,316
L= 1.44 x 207 1b/£t?
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i

TABL: IIX

RMS Results at the Antinodes (x = %J 8 = O) for Various
<

Aduspter Configurations

Hand Calculations Digital Computer Results

- I, N N
- 590 590 + 422 | 1539 590 590 + 422 | 1539
(in)
Wins 0.338 0.296 0.105 0.225 0.197 0.069
(18%)* (13%)
y(in 1b)
Yave  |121.0 106.0 LC. 4 845.0 739.0 252.0
(75%) (70%)
(in 1b)
Mepms | 2650.0 2320.0 2620.0 5706.0 | 4980.0 617C.0
(-1%) (-10%)
{1b)
Csums  |234.0 204,.0 203.0 N.A. N.A. N.A.
E-3

Indicates contribution of the quadruple summation term in Equation 1.26 to

the total meun square value.

I~
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. TABLE IV

Modal Contributions to the Kean Square Bending Moment in the Rings

59C 1lb Adapter 1539 lb Adapter
% of Total £ of Total
o Hy» = 0.118 x 1077 0.37 Hi2 = 0.183 x 1077 1.80
H13 = 2.32 x 10~7 7.33 H13 = 1.93 x 1077 19.00
Hy, = 4.18 x 1077 13.20 Hy, =1.83 x 107/ 18.00
Hyg = 10.30 x 1077 32.50 Hyg = 2.58 x 1077 25,40
Hyg = 4.83 x 1077 15.30 Hyg = .654 x 1077 6.40
Hyp = 3.58 x 1077 11.30 Hyp = .512 x 1077 5.00
Hyy = .108 x 1077 0.34 Hyy = .222 x 1677 2.10
Hy, = .652 x 1077 2.06 Hy = .739 x 1077 7.20
Hyg = 2.06 x 1077 6.50 Hys = .796 x 1077 7.80
Hag = 3.50 x 1077 11.10 Hyg = .750 x 1077 7.30
Total 31.65 x 1077 160% Total 10,17 x 107 100%



A, Dk

Aij, Big,

o

o

F{x,y,z,t)
hg 3(t)

Hy 3(4w)
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LIST OF SY#BOLS

zean radius of cylindrical shell
circumferential force auplitudes
arpiitude coefficients

cefined in Fijure III :
sine wave amplitudes

defined in Zquation 1.2

Youngs modulus

s;sten foreing functilon

impulse reesponse function

complex frequency response function

Lthickness of cylindric:1l chell

area moment of inertia of siringers and rings

wefined in fouation 1.21

length of ¢y lindrical shell

stringer and ring bending womenis

g-neralized mass bending moments

defined in Eguation l.4

defined in houation 1.5

shear in rings

senepalized torce

seneralized coordinates

auztocorrelaticn fuuetion

nelf arce ien th of proluberagices

'

wznaiusinal, circuwferantie ., end cadiad iclli ¢ oments

o

- 6 -
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A (X, 5, ¢y t) - responze function
X ij(x’ ¥, %) - spitiel response function of ijil mode
. \ (f id, § ~ damping of the 1348 Lode

~ material density of cylindrical shell

R
=
'

angs/unit ares of u oz2pter
- erroen Y el
¢15,<* 15,1/9 1y ¥ 1>~ neral modes
@&@0) - power susciral density functlon
- vwhite noise power specirsl density

L5 - natural frequenc,; of ij:“-E zoie
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